In a previous communication (1) , reference was made to various types of clinical reactions occurring in man as a result of penicillin therapy. Three types of reactions in particular raised the question of a possible relationship between sensitization to penicillin and pre-existing fungus diseases. These three reaction-types were (1) erythematovesicular eruptions which tended to localize in areas involved by a previous superficial fungus disease (2) Vesicular eruptions of the hands in patients who had had a previous dermatophytid in the same area or a severe dermatophytosis of the feet, groins or trunk and (3) Acute reactions characterized by symptoms of mild shock and occurring in patients who previously had not received penicillin therapy but who had active fungus disease or a history of such disease.
Accordingly, it was deemed important to make further studies on the nature of penicillin sensitivity as it exists in man, to create if possible a penicillin-sensitive state in the guinea pig, and to study the nature of this reactivity per se and its possible relationship to conjoint sensitization to superficial fungus disease. PRELIMINARY 
SURVEY
As previously reported (1) , reactions to penicillin may be divided into two categories-those appearing shortly after first exposure to the drug and those occurring at a later date as a result of the development of sensitization. Since all reactions observed following penicillin therapy have been of a sensitization rather than a "toxic" type, it follows that the immediate or early forms are due to pre-existing sensitization. This sensitized or reactive state has two possible explanations. The first is that suggested by the work of Feinberg (2), who found that 6 per cent of his allergic patients were sensitized to antigens of the penicillium family, common air contaminants. However, skin tests with penicillin in a concentration as high as 2,500 units per 0.1 cc. were negative, both in control and in penicillin-sensitive patients.
The second possibility is that mentioned by Graves, Carpenter and Unangst (3) . These authors stated that vesicular penicillin reactions involving the hands might have occurred on the basis of a sensitivity to an antigen common to all fungi.
The studies of Bloch, Labouchère and Schaaf (4) and the subsequent investigations of W. Jadassohn and his associates (5) apparently demonstrated that the hyphomycetes all contain a common antigenic factor as well as possible species-specific factors. Infection of the skin of the guinea pig with hyphomycetes sensitized the skin, as shown by delayed positive trichophytin reactions, and the uterus, as demonstrated by positive Schultz-Dale tests. Moreover, Dale (6) believed that the contractions of the uterus of the virgin guinea pig following exposure to substances to which it had previously been sensitized was evidence of the anaphylactic form of hypersensitivity.
Study of personally observed penicillin reactions, as well as cases reported in the literature, suggests that the antigenic material in commercial penicillin may sensitize body tissues in at least 2 ways. The first, and evidently the most common, has been the urticarial type reactions, with probable sensitization of the vascular bed. However, consistent evidence of demonstrable circulating antibodies has not been found, heterophile agglutinins have not been significantly increased and passive transfer and precipitin tests have yielded variable results (7). This suggests the possibility that the allergen may be capable of producing reactions only when combined with a larger molecule especially since it is known that penicillin combines readily with serum albumin (8) . The shock-like reactions, acute syncope, asthma, urticaria and serum sickness-like syndrome, are included in this group. In this connection, it is interesting that McClosky aid Smith (9) have shown that guinea pigs sensitized to penicillin develop the anaphylactie type of sensitivity, for anaphylactic shock could be produced by intravenous injections of penicillin and positive Schultz-Dale tests obtained. It is possible, then, that the shock-like reactions, to be presently discussed, may be precipitated by penicillin in an individual sensitized anaphylactically by a previous fungus disease. Some of the cases of so-called contact dermatitis are also included, for patch tests are normal and the dermatitis has a considerable urticarial element. However, true contact sensitivity to penicillin does occur, as attested by increasing numbers of case reports in the literature (10) .
In general, skin testing has been of little value in the detection of the vascular type of sensitivity to penicillin. Intradermal tests frequently have been negative at the height of the penicillin eruption and from 20 to 80 per cent of 116 "normal" controls have given false-positive immediate reactions, the percentage depending on the brand of penicillin used.
Delayed "tuberculin type" intradermal penicillin reactions have been ascribed considerable diagnostic importance in patients with clinical reactions to penicillin. Rostenberg and Welch (7b) found tuberculin-type reactions to crystalline penicillin in 5 per cent of 140 persons not previously treated with penicillin.
However in the sensitized group, patch tests were normal, trichophytin tests were "not significantly different than those of normal controls" and intradermal tests to an extract of penicillium notatiun were negative.
Patch tests with penicillin on "control" subjects have been performed by McGuire (lOg), Cohen and Pfaff (11) and by Coomber (12) . MeGuire tested with a crude penicillium notatum preparation in 45 cases; all tests were negative. Coomber tested 200 subjects with an ointment containing 4,350 units of penicillin in a base of hydrous wool fat. All tests were negative after 48 hours.
Cohen and Pfaff used an ointment containing 50,000 units of penicillin sodium in an ounce of ointment base containing cold cream and lanolin. Tests were performed on 514 unselected patients; 0.95 per cent were positive.
Lastly, the report of Kolodny and Denhoff (14) should be mentioned. These authors gave a course of intramuscular penicillin therapy to 73 patients with dermatoses and 51 with non-dermatologic diseases. Twenty-five per cent of the dermatologic patients developed immediate reactions to penicillin, while only 8 per cent of the non-dermatologic patients so reacted. The incidence of delayed reaction was 8 and 10 per cent, respectively. The most severe reactions occurred in patients with fungous disease and 60 per cent of the reacting patients tested had positive reactions to trichophytin. In several cases "id" like reactions and reactions in areas of previous derrnatophytosis were noted. EXPERIMENTAL Expertment 1. It is known (14) that infants and young children, in the absence of a history of active fungus disease, have negative reactions to trichophytin. Accordingly, a group of 45 children, aged 2 months to 6 years, who had never had fungous disease nor received penicillin were given intradermal tests with commercial penicillin sodium, 1000 units per 0.1 cc.'
Results: Immediate reactions to penicillin occurred invariably, and were of the control type similar to those previously reported not only in controls but also in patients who had developed clinical reaction to penicillin. This consisted of a central wheal surrounded by a zone of solid erythema and with a peripheral zone of mottled erythema. The reactions never exceeded 0.7 cm. in diameter. There were no delayed 48 hour (tuberculin-type) reactions.
Experiment . Method and Materials: A group of 17 persons, all with active fungous disease and 4 with a history of dermatophytid as well, were studied. None of the group had received penicillin therapy. The causative organism was identified and intradermal tests were performed with commercial penicillin sodium, 1000 units per 0.1 cc., and with commercial trichophytin, 0.1 cc. of a 1:30 dilution.
Results and Comment: Immediate reactions to penicillin in this group did not differ significantly from those occurring in experiment 1, and were of the control type. Seven of the 17 patients, or 41 per cent, developed 48 hour tuberculin type reactions to penicillin. Since none of the group had every received penicillin therapy, the positive 48 hour reaction may be indicative of a response to an antigen common to penicillin and the respective Trichophyton. This supposition is confirmed by the absence of 48 hour reactions in the children 'Dr. Samuel Z. Levine, Professor of Pediatrics, Cornell University Medical School, kindly granted permission to perform these tests in the Pediatric wards of the New York Hospital. tested in experiment 1., since none of this group had ever had fungus disease. It is apparent, therefore, that delayed positive intradermal tests to penicillin are of no confirmatory value in the diagnosis of a possible clinical reaction to penicillin unless a diagnosis of fungous disease or a history of such can be excluded. It is noteworthy also that of the 7 patients with positive 48 hour intradermal reactions to penicillin, all 7 had both immediate and delayed positive reactions to trichophytin as well. Two of the 4 patients with dermatophytids showed delayed positive reactions to penicillin. It is interesting, too, that of the 7 patients, T. gypseum was the causative organism in 6 and T. purpureum in but 1.
Experiment S. Materials and method: Eight young adult guinea-pigs not weighing over 300 grams were each injected intradermafly with 1000 units of penicillin soldium. The injection was repeated after an interval of 28 days.
Results: Three of the 8 animals developed papular lesions ranging from 1 to 1.5 cm. in diameter, 24 hours after the second injection. Two other pigs de- Results: Reactions indicative of sensitization did not occur, either at the site of the last trichophytin injection or at the site of the intradermal penicillin injection.
Experiment 7. Methods and material: A group of 6 guinea-pigs was infected with a saline suspension of Trichophyton gypseum at weekly intervals for 3 weeks. 0.1 cc. of the T. gypseum suspension was injected intradermally and several drops of the suspension applied to the thoroughly scarified, shaved flank at each inoculation. One week after the final inoculation, an intradermal injection of 1000 units of penicillin was given to each pig.
Results: Evidence of an active fungus disease was shown in all inoculated pigs throughout the experiment by the presence of mild, erythematous scaling plaques and slight licheniflcation of the skin. Of the 6 guinea-pigs injected with penicillin, 3 developed reddish plaques from 1 to 1.5 cm. in diameter within 24 hours following the injection. This was considered indicative of sensitization to penicillin. Experiment 8. Seven castrated male rabbits, in all of whom a T. purpureum infection of the skin had been maintained for at least 6 months, were tested intradermally with commercial trichophytin 0.1 cc. of a 1:30 dilution and with commercial penicillin sodium, 0.1 cc. containing 1000 units.
Results: There were no reactions to trichophytin. Five of the 8 rabbits had 24 hour reactions to penicillin, 2 with central whealing and surrounding erythema to a total of 1.5 and 2 cw. in diameter respectively, and 3 others with erytbema of from ito 1.5 cm. in diameter. SUMMARY 1. Children who never had fungous disease nor had received penicillin therapy invariably developed a non-specific immediate reaction to penicillin administered intradermally in a dose of 1000 units; none developed the 48 hour tuberculin-type reaction.
2. When patients with active fungous disease were tested with peniciffin, 40 per cent developed a tuberculin-like, 48 hour reaction. None had ever received penicillin therapy.
3. It was possible to sensitize the skins of 5 out of 8 guinea-pigs by a single injection of peniciffin. 4. The reacting sites of intradermal injections of penicillin in sensitized guineapigs were not "flared-up" when intravenous injections of penicillin were administered; classic anaphylaxis did not occur. 5 . Out of 5 guinea-pigs sensitized to penicillin, 4 also reacted to trichophytin. 6 . Repeated intradermal injections of trichophytin did not sensitize the skin to trichophytin or penicillin.
7. Sensitization of the guinea-pig was accomplished by an induced infection by Trichophyton gypseum. Three out of the six animals in this group developed positive intradermal reactions to penicillin. 8. Out of 7 rabbits infected with Trichophyton purpureum, none reacted to trichophytin but 5 developed intradermal reactions to penicillin.
CONCLUSION
From the evidence submitted in this preliminary study, it is probable that many of the local and systemic reactions occurring during or after penicillin therapy are the result of a previous sensitization by a dermatophyte.
